This study was performed to identify the distribution of undiagnosed isolated hypertension subtypes and their correlates amongst adults aged 35 years and older in Bangladesh using data from the Bangladesh Demography and Health Survey 2011. Methods: Out of a total of 17,964 selected households, 7,880 were included in the final analysis for this study. Systolic and diastolic blood pressure (BP) were measured 3× at 10-minute intervals. Hypertension subtypes were defined for individuals not under antihypertensive treatment as systolic-diastolic hypertension (SDH): systolic BP (SBP) ≥ 140 mm Hg and diastolic BP (DBP) ≥ 90 mm Hg; isolated diastolic hypertension (IDH): SBP < 140 mm Hg and DBP ≥ 90 mm Hg, and isolated systolic hypertension (ISH): SBP ≥140 mm Hg and DBP < 90 mm Hg. Results: The predominant hypertension subtypes were SDH and IDH [5.2%; 95% confidence interval (CI): 4.7-5.1] followed by ISH (3.8%; 95% CI: 3.4-4.2). Multiple logistic regression showed that age and gender were significant predictors of ISH. SDH was associated with females [odds ratio (OR): 1.8; 95% CI: 1.3-2.6], the older age group (OR-7.4; 95% CI: 4.3-12.7), and overweight or obese individuals (OR: 1.6; 95% CI: 1.1-2.4). Non-manual work (OR: 1.5; 95% CI: 1.0-2.0]) and being overweight or obese (OR: 1.9; 95% CI: 1.4-2.8) were factors associated with IDH. Conclusion: ISH, IDH and SDH represent salient subtypes of hypertension in Bangladesh. To identify preventive intervention for averting adverse cardiovascular events, further research is needed.
Introduction
The diagnosis of hypertension is usually based on blood pressure (BP); systolic BP (SBP) and diastolic BP (DBP).
However, some individuals do not fall outside the normal range for both (SBP and DBP), it is either their SBP or DBP that is elevated. In these cases their hypertension is defined as isolated systolic hypertension (ISH) or isolated diastolic hypertension (IDH) respectively [1, 2] . The prognostic significance of ISH and IDH is established and varies according to hypertension subtypes [3] .
ISH is often characterized as a phenomenon of aging because SBP unlike DBP, increases with age in response to increasing arterial stiffness and losses in arterial compliance, particularly after the age of 40 [4] . ISH is also known to be associated with an increased incidence of cardiovascular complications.
Observational, epidemiologic and clinical trial data have demonstrated that elevated SBP significantly increased the risk of stroke, coronary heart disease, and end-stage renal disease, especially in individuals ≥ 65 years of age [5, 6] . IDH is associated with a low risk of cardiovascular disease (CVD) mortality, whilst ISH carries a similarly high risk to systolicdiastolic hypertension (SDH). Findings suggest that prognosis of hypertension could be improved by treatment focused on SBP rather than DBP [1] . It has also been reported that ISH represents a particularly salient subtype of hypertension [3, 4] .
Multiple clinical studies have established elevated SBP as a more reliable predictor for adverse cardiovascular outcomes compared to elevated DBP [7] .
However, data regarding prevalence of ISH in developing countries is limited [8, 9] . National data on the distribution of hypertension subtypes in Bangladesh have not been reported. Therefore, a thorough investigation using current and nationally representative data is clearly warranted. This data would inform physicians as well as public health communities, of better treatments and preventive modalities. In this study we report the prevalence of ISH, IDH, and SDH in the general Bangladeshi adult population.
Materials and Methods

Study population
A nationally representative sample from the 2011 Bangladesh Demographic and Health Survey (BDHS) conducted between July to December 2011, was used to perform this study. 
Sampling design
The 2011 BDHS survey used a 2-stage stratified sampling method to select nationally representative probability samples of men and women from the 7 administrative divisions of Bangladesh. In the first stage, 600 PSU (207 urban, 393 rural) were selected with a probability proportional to the size of the PSU. In the second stage, 30 households were selected from each PSU with an equal probability systematic selection. Of the total of 17,964 selected households, 17,511 were found to be eligible for this survey and interviews were successfully completed for 17,141 households. Biomarker measurements were also taken in every third eligible household. The subsample included 8,835 household members aged 35 years or older of which 4,524 were men and 4,311 were women [11, 12] . After exclusion of nonresponses and individuals with missing data, the final sample was 7,880 ( Figure 1 ).
Data collection
Detailed information on the socioeconomic and demographic characteristics of all participants was collected by trained interviewers using a standard questionnaire. Principal component analysis was conducted to generate a Wealth index to categorize households ranging from the poorest to the richest households [12] . A data collection team including a health technician, measured BP, blood glucose concentration, body weight and height using standard methods and body mass index was calculated (weight in kg/height in m 2 ).
Diabetes was defined as a fasting blood glucose level greater than or equal to 7.0 mmol/L or self-reported use of diabetes medication [13] . 
Measurement of BP
Outcome
Hypertension was defined as an average SBP ≥ 140 mm Amongst the undiagnosed and untreated hypertensive individuals, SDH and IDH was the predominant subtype (5.2%) followed by ISH (3.8%). All the hypertension subtypes were higher amongst urban residents, however prevalence was higher amongst females as compared to males in both rural and urban areas ( Figure 2 ). Irrespective of gender, prevalence of ISH increased with age whereas the prevalence of IDH decreased with age ( Table 2 ). The prevalence of SDH increased from 35 to 64 years after which prevalence of SDH declined, whereas the prevalence of ISH increased steadily and dramatically, especially amongst women. IDH was the most common hypertension subtype in the 35 to 44 years and 45 to 54 years age groups, for both males and females. SDH and ISH was the most common subtype in the age group 65 years or older age group for both males and females ( Values are percentages (95% confidence interval). IDH = isolated diastolic hypertension; ISH = isolated systolic hypertension; SDH = systolic-diastolic hypertension. group (data not shown). IDH = isolated diastolic hypertension; ISH = isolated systolic hypertension; SDH = systolic-diastolic hypertension. 
Statistical analysis
Discussion
This study reports the distribution of different hypertension subtypes in a nationally representative sample of Bangladesh.
To the best of our knowledge this is the first study that explored correlates of different hypertension subtypes in Bangladesh. These data document a high prevalence of undiagnosed and untreated hypertension in the Bangladeshi population, with the largest proportion having IDH and SDH (5.2%) followed by ISH (3.8%). This study observed that ISH and SDH were especially prevalent amongst those 55 years or older, whereas IDH was more prevalent amongst those 54 years or younger. Older age, being female, area of residence, higher education, richest household economic status, being overweight or obese and being diabetic were significant factors associated with hypertension subtypes in Bangladesh.
Although there have been only a few studies that have reported the prevalence of hypertension subtypes in developing countries, our findings are consistent with those studies [16] [17] [18] . Our reported prevalence of ISH was similar to a study conducted in Northern India (5.1% in men and 3.6% in women) [17] but lower than that reported in China (7.6%) [16] .
Another study conducted in India reported that prevalence of IDH was 4.5% and was higher in men compared to women [18] .
IDH and SDH were the predominant hypertension subtypes in this current study. Regardless of the larger prevalence of diastolic hypertension including combination with systolic hypertension, we observed that for every BP subtype, mean SBP values increased whereas, mean DBP values decreased with increasing age.
Elevation of BP with increasing age is a physiological phenomenon that takes place due to changes in arterial and arteriolar stiffness as an individual grows older [19] . In this study it was observed that ISH and SDH were especially prevalent amongst those 55 years or older, whereas IDH was more prevalent amongst those 54 years or younger. It was evident from the Framingham Heart Study that SBP increased between the ages of 30 and 84 years or over [20] . DBP, on the other hand, increased until the fifth decade of life and slowly decreased from age 50 years or over [20] . The increase in DBP up to the age of 50 is mostly due to increased peripheral vascular resistance in small vessels. But acceleration of large artery stiffness after the age of 50 leads to the steep rise in SBP [19] .
In this study, gender and BMI were found to be major determinants of hypertension subtypes consistent with other studies reported in China, India and Iran [18, 21, 22] . This implies that not only metabolic and hormonal changes, but also other factors such as dietary habit and physical activity contributes to the development of hypertension subtype.
Bangladeshi men spend 3-times longer in physical activity compared with women in both urban and rural areas [23] . It is well documented that regular physical activity slows the normal loss of elasticity in the cardiovascular system with age, and to that extent exercise interventions can reverse some agerelated decline in arterial stiffness [24] .
Age-specific mortality rates from strokes, ischemic heart disease and other vascular diseases were found to be strongly associated with BP [25] . However, there are prognostic differences between different hypertension subtypes. The
Finn-home study observed higher CVD event rates amongst ISH subtypes, followed by SDH and IDH subtypes [26] . A clinical trial study concluded that elevated BP predicted an increased mortality from coronary heart disease (CHD) in general, but individuals with ISH were at the greatest risk of death from CHD [27] . A 31-year follow-up study conducted amongst young and middle-aged adults found that adjusted relative risk for CVD mortality was highest for SDH, followed by IDH and ISH for males. In contrast, in this current study the overall prevalence of SDH, IDH and ISH was comparatively high in males compared to female counterparts. However, another study showed that the relative risk of CVD mortality in females was highest for SDH followed by ISH; there was no significant association observed for IDH [28] . The risk of stroke was also strongly related to SBP and ISH [29] . Therefore, further research is needed for identifying better ways of preventing adverse events among different hypertension groups.
This study has several strengths and limitations. The Findings from this study are limited for individuals aged 35 years and older as no biomarker information was collected for a younger age group. In addition, no information on behavioral and lifestyle related risk factors including level of physical activity, tobacco use or dietary habits were collected which have also been found to be strongly associated with hypertension. Finally, the causal relationship between these determinants and hypertension subtypes cannot be established because of the nature of cross-sectional design of the study.
Given that this study is the first of its kind amongst the Bangladeshi population, our findings provide an important basis for future studies. These preliminary explorations indicating that ISH and IDH may be a silent threat in the population needs to be further addressed. Both conditions are associated with increased risk of CVD and therefore, demands attention from the public health program authorities.
Key socio-demographic factors (e.g. old age, being female) have been identified in this study that are contributors to hypertension and need to be considered in further research and program interventions.
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